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THEORY OF OPERATION 2 MEGABYTE MEMORY EXPANSION 


1.0 


t.1 


Tandy Model 39009 
2 Megabyte Memory Upgrade Board 


THEORY OF OPERATION 
OVERVIEW 


The Tandy Model 3000 2 Megabyte Memory Upgrade Board supports up to 2 
megabytes of memory per board, in 512 Kilobyte (1/2 Megabyte) steps. This 
memory is in addition to the fully upgraded main logic board, which 
contains 640K of memory. Using the 2 Megabyte memory upgrade the Tandy 
Model 3090 can support up to 16 megabytes of memory. However, expansion 
memory above the 1 megabyte base memory can only be accessed from the 
89286 processor's Protected Operation Mode. 


The 2 Megabyte Memory Upgrade option allows both 8-bit and 16-bit 
operation in the memory address space 190@0@h - EFFFFFh available to the 
86286 processor in the Protected Mode. One WAIT state is generated per 


access. Odd parity generation and checking is used for memory integrity. 
The 2 Megabyte Memory Upgrades must be be installed contiguously, 
beginning at address 1999@@h. 


The 2 Megabyte Memory Upgrade option is populated with 256K-by-l bit 
dynamic RAM (DRAM) chips of 15@ nanosecond access time. 
IN TERFAC ING 


The 2 Megabyte Memory Upgrade interface to the Tandy Model 3660 
requires both the IBM PC compatible expansion connector (62 pins) and the 
IBM AT compatible expansion slot (36 connector). 


The 62 pin IBM PC compatible expansion connector provides most of the 
necessary signals to operate the expansion memory. 


Low order address lines SAS - SA19 
Low order data lines SD@ - SD7 
Refresh control RFSH* 
Parity error check IOCHK* 
Address latch control BALE 
RESET RESETDRV 


The 36 pin IBM AT compatible expansion slot provides the necessary 
signals to allow the extended addressing and 16-bit data _ path 
compatibility. 


High order address lines LA2@ - LA23 
High order data lines SD9 - SDI5 

8 bit access control SBHE 

16-bit WAIT control MEM16* 

READ and WRITE control MEMR*, MEMW* 


- Page l - 


THEORY OF OPERATION 2 MEGABYTE MEMORY EXPANSION 


L.3 


INTERFACING (continued) 
Power supply distribution is handled by both expansion slots 


Supply Voltage 5VIN1, 5VIN2, 5VIN3 
Ground GND 


THEORY OF OPERATION 


The 2 Megabyte Memory Expansion board is arranged as 4 banks, each 
bank consisting of 512 Kilobytes of DRAM. The banks are numbered "A" 
through "D". Schematic Pages 4, 5, 6 and 7 detail the RAM banks. Note 
that each bank is in parallel with the others, and that any individual 
bank is selected by asserting the appropriate RAS line (RASA - RASC) at 
the appropriate time. Upper or lower byte access is controlled by 
assertion of the appropriate CAS signal. 


Address and data line buffering is handled by the circuitry contained 
on Page 3 of the schematic. Data transfers are handled by U93 and U97. 
These chips are in turn controlled by SBHE and BAQ, respectively. SBHE 
and BA® indicate how a transfer is to take place, in accordance with the 
following table: 


SBHE BAG FUNCTION 
¢ 1) 16-bit transfer 
it) 1 8-bit transfer on UPPER data bits (SD8 - SD15) 
i 1) 8-bit transfer on LOWER data bits (SD@ -. SD7) 
1 1 No data transferred 


Odd parity is generated during a WRITE operation by U88& and U91. Odd 
parity is checked during READ operation by the same chips. During a READ 
operation the odd parity outputs (pin 6) should always be HIGH. A LOW on 
the parity outputs during a READ operation indicates a parity error. 


RAS/CAS multiplexing of the address lines during a memory access (READ 
or WRITE) is handled by U95, U96 and parts of U78 and U83. Sixteen 
address lines, SAl through SAl6, are handled by these two chips. However, 
the 256K DRAMs used require 18 address lines. U78 and U83 form a simple 
address multiplexer to handled SAl7 and SAI18. 


Due to the number of ICs to be driven by the address lines (72 to be 
exact) an increased drive capacity is needed on the RAM chip address 
lines. U78, U84 and U89 are included to drive the RAM chip address lines. 
Increased drive for the WRITE line (BMEMW*) is provided by U74. Resistor 
packs RP1, RP2, RP3, RP6 and RP7 are included to reduced overshoot, 
undershoot, and ringing on the address and write lines. 
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THEORY OF OPERATION 2 MEGABYTE MEMORY EXPANSION 


Memory timing and bank selection are handled by the circuitry found on 
Page 2 of the schematic diagram. The upper 4 address lines (LA2@ - LA23) 
are used for bank selection. The desired bank is indicated by proper 
setting of DIP switch Sl [See Memory Expansion Board Switch Settings] and 
is decoded by U81, U85, and U94. 


The switch and decoding systems allows the Memory Expansion Board to 
be populated with .5 Meg, 1 Meg, 1.5 Meg, or 2 Meg of memory. The board 
may be selected to appear at any 1 megabyte boundary above the 1 megabyte 
base memory. Memory must be installed contiguously; there can be no empty 
"blocks" between memory banks. 


Decoding of proper RAS and CAS enable signals is handled by IFL chip 
U86. U86 also produces signal T/R used to control the direction of data 
flow through data buffers U93 and U97. Also produced by U86 is signal 
MEM16. This signal is used to indicate that the desired access requires 
one (1) WAIT cycle and has a 16-bit data path available. MEMI6 controls 
part of U8@ to produce signal MEMI16* which indicates to the processor 
control circuitry that a one WAIT state 16-bit data path memory access is 
in progress. 


A memory access is indicated by any activity on MEMW* or MEMR*. This 
activity is detected by part of U75, which produces signal MEMCYCLE. 
MEMCYCLE is used to qualify the RAS and CAS steering buffers U73, U75, U77 
and U79. When MEMCYCLE goes active HIGH the correct RAS* signal will 
begin, as decoded by U86. 


MEMCYCLE also starts a signal traveling through delay line U76. After 
4$ nanoseconds signal ADDRMUX is generated to switch the RAS/CAS address 
multiplexers U95 and U96. After 8@ nanoseconds signal T8$ is generated 
which activates the proper CAS* signal as decoded by U86. 


Part of U79 decodes the time that T8@, T16@ and T2@@ all become HIGH. 
This happens at 2@@ nanoseconds after MEMCYCLE becomes active. Signal 
SYNC is asserted LOW and stops the generation of the RAS* signals. The 
remaining system timing is generated by the device generating the memory 
access (usually the microprocessor). 


Parity error checking is handled by IFL chip U9@ and parts of U87, U92 
and U98. U9@ decodes if a parity error has been produced, and if so which 
in which bank. An appropriate signal, IODATA@* - IODATA3*, is produced, 
and the signal is clocked through latches U87 and U92 on the trailing 
(rising) edge of BMEMR*. A parity error will cause the latch to become 
CLEARED. The necessary section of U98 will be enabled, bringing IOCHK* 
LOW, indicating a parity error has occurred. Latches U87 and U92 are SET 
before the next memory cycle occurs, and parity is not checked during a 
refresh cycle. 
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la& 


TIMING DIAGRAMS 


Timing diagrams have been included to exactly describe the signal 
relationships during a READ or WRITE cycle. Of particular note are the 
length of the access cycle and the time required during an access. 


Because of the MEM16* signal the processor control section introduces 
one processor clock (125 nanosecond) WAIT state during any access to this 
board. This results in a three "T" state (375 nanosecond) access. This 
allows the use of 15% nanosecond access time memory devices. 


READ cycle timing is quite critical. WRITE cycle timing is more 
relaxed. 
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Memory Expansion Board Dip Switch Settings 


Set dip switches 5 and 6 On (0) or Off (1) as 


follows: 


Dip 
Switches 
5, 6 and 8 


On -On OfLt 
Off On Off 
On... Off Off 
rt Off .O£E 


If only bank 0 contains memory chips. 

If banks 0 and 1 contain memory chips. 

If banks 0,1 and 2 contain memory chips. 
If banks 0,1,2 and 3 contain memory chips. 


Note: Dip switch 7 is not used. 


Note: Dip switch 8 is used to disable the first 512K 
memory on the first board installed (Address 
1.0MB thru 1.5MB) for other options which use 
this address space. To select this option 
configure dip switch 8 to the "On" position, on 
the first memory board installed only. 


Set the start address of memory bank 0 by setting dip 


switches 1-4 


On (0) or Off (1). The dip switches 


are to be set on 1 megabyte boundaries depending upon 
whether the Memory Expansion board is the lst, 2nd, 
3rd... or last (7th), Memory Expansion board in the 


computer. 





Dip Start Start Start Start 

Switches Address Address Address Address 

1 2 3 4 of Bank of Bank of Bank of Bank 

0 - 2 3 

Brd. Off On On On 100000 180000 200000 280000 
Brd. Off Off On On 300000 380000 400000 480000 
Brd. Off On Off On 500000 580000 600000 680000 
Brd. Off off Off On 700000 780000 800000 880000 
Brd. Off On On Off 900000 980000 aA00000 as0o0ood 
Brd. Off Off On Off BO0000 B80000 c00000 c8s0000 
Brd. Off On off Off DO0O0000 p8s0000 500000 £80000 





Tandy 3000 Memory/Option Sub Assembly 


Ci-72 


C73-81,105,107 
C82-104 ,106 


C108-110 
FB1-3 
Rl 


RP1-3 
RP4,5,8 


RP6,7 
Sl 


UL-72 
U73,77 


U74 ,84,89 


U75, 79 
U76 
U78 
U80 ,98 
U81 
U82 
U83 
U85 ,94 
U86,90 
U87 ,92 
U88 ,91 
U93,97 
U95 ,96 
u99 


T3000 Memory/Option Sub Assembly 


T3000 Memory/Option PCB REV. "A" 
(13" X¥ 4.5" 4 Layer) 


Capacitor .33 UF 50V 80/20 Mono Ax 
Capacitor 10 UF 16V Rad. 

Capacitor .1 UF 50V 80/20 Mono Ax. 
Capacitor .01 UF 50V +20% Mono Ax 


Resistor 0 Ohm 
Resistor 4.7K Ohm 1/4W 5% 


Resistor Pack 33 Ohm 5R 10-Pin SIP 

Resistor Pack 10K Ohm 9R 10-Pin 
SIP 

Resistor Pack 33 Ohm 8R 16-Pin DIP 


Switch 8PST DIP 


Socket 16-Pin DIP 
Ic 74F20 

Ic 74F244 

Ic 74F10 

IC Delay Line 

Ic 74F02 

Ic 74LS125 

Ic 74LS283 

Ic 74ALS573 

Ic 74F08 

Ic 74F85 or SUB 74S85 
Socket 20-Pin DIP 
Ic 74F74 

Ic 74F280 

Ic 74ALS245 

Ic 74F158 

Ic 74F00 


8898936 


8709644A 


CC-334ZJLA 
CC-1LO6MDAP 
CC-lLO4JJLA 
CC-103KJLA 


AJ-6814 
N-0247EEC 


ARX-0048 
ARX-0239 


ARX-0390 
8489004 


AJ-6581 
8015020 
8015244 
MX-3023 
8429010 
8015002 
AMX-4640 
8020283 
MX-5694 
MX-5954 
8015085 
AJ-6760 
MX-5936 
MX-5435 
MX-5693 
MX-2132 
MX-6085 


Tandy 3000 Memory/Option Main Assembly 
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Tandy 3000 Memory/Option 

Main Assembly 
T3000 Memory/Option Sub Assembly 8898936 
Panel -—- Memory Combo AZ-1008 


U86 ,90 82S153A 10 NS 8075153 
Ul 728 Ic 256K Dram MX-6796 








Tandy 3000 Memory/Option Sub Assembly - REV. B 


Symbol Description Part No. 
T3000 Memory/Option Sub Assembly 8898936B 
T3000 Memory/Option PCB REV. "B" 8709644B 
(13" X 4.5" 4 Layer) 
Cl1-72 Capacitor .33 UF 50V 80/20 Mono Ax 8374334 
C73,80,81,101—- Capacitor 10 UF 16V Rad. 8326101 
108 
C74-79 ,82-100 Capacitor .1 UF 50V 80/20 Mono Ax. 8374104 
Rl Resistor 4.7K Ohm 1/4W 53% 8207247 
RP1,4,6 Resistor Pack 33 Ohm 5R 10-Pin SIP 8290057 
RP2,3 Resistor Pack 33 Ohm 8R 16-Pin DIP 8290044 
RP5,7,8 Resistor Pack 10K Ohm 9R 10-Pin 8290010 
SIP 
Sl Switch 8PST DIP 8489004 
U1-72 ,99 Socket 16-Pin DIP 8509003 
U73,75,98 Ic 74F244 8015244 
U74,76 Ic 74F20 8015020 
U78 ,81,97,98, Socket 20-Pin DIP 8509009 
102 
U77 Ic 74ALS573 8025573 
U79 ,84 Ic 74F10 8015010 
u80 IC Delay Line 8429010 
U82 Ic 74F00 8015000 
U83 , 89 Ic (Spares) 
U85 IC 74F02 8015002 
U86 Ic 74LS283 8020283 
U87 ,96 Ic 74LS125 8020125 
U88 Ic 74F32 8015032 
U90,92 Ic 74F280 8015280 
U91 IC 74F08 8015008 
U93,99 IC 74F85 or SUB 74S85 8015085 
U94 ,95 Ic 74F158 8015158 
U97,102 Ic 74ALS245 8025245 
U100,101 IC 74F74 8015074 








Tandy 3000 Memory/Option Main Assembly 


Tandy 3000 Memory/Option 

Main Assembly 
T3000 Memory/Option Sub Assembly 8898936B 
Panel -—- Memory Combo 8729557 


Ul=72 Ic 256K Dram 8049008 
U78,81 825153A 10 NS 8042153 
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TABLE OF CONTENTS 
MODEL 3000 SERIAL/ PARALLEL OPTION CARD SECTION 


Theory of Operation 

Overview (Not Available) 
Jumper Settings 
Schematics 


Patts bist 


PCB Layout 


Jumper Settings on the optional Serial/Parallel Board 


Check the position of the Baud-Rate Generator jumper. 
It is set at the factory to connect pins El and E3 

for the USA Standard. To set the Baud-Rate Generator to 
the International Standard connect pins El and E2 

with the jumper that connected El and E3. Then 

connect pins E3 and E4 with a second jumper. 


If you are installing this board in the Tandy 3000, 
install a jumper on E5 and E6 to set the parallel 
port as Port 2 (LPT2). Install a jumper on E8 and 
E9 to set the serial port as Port 2 (COM2). 


If you are installing this board in the Tandy 1000 or 
Tandy 1200, install a jumper on E5 and E6 to set 

the parallel port as Port 2. If a serial board is not 
already installed we suggest that you set the jumper on 
on E9 and E10 to set the serial port as Port l 

(COM1). 


Note: The parallel port can be set as Port 1 (LPT1) 
by moving the jumper to connect pins E6 and E/?. 


PARALLEL PORT 1 


|. Se Bs. 
et qee- Waser 5 FOR 
<P fee PARALLEL PORT 2 


~3 eh Ss INTERRUPT 4 FOR 
SERIAL PORT 1 
INTERRUPT 3 FOR 
SERIAL PORT 2 
7 


ul = as 
ie 4 ele INTERRUPT 7 FOR 



































£8 E9 £10 EBESE10 
PORT2 PORT! 






Figure 1 Jumper Settings on the optional 
Serial/Parallel Board. 








Note: In order to resolve interrupt conflicts with 
other boards disable the corresponding interrupt on the 
Rev. B Serial/Parallel board by removing the jumper 
from the corresponding interrupt staking pins as 
follows: 


Interrupt Staking Pins Port 
7 Ell - E12 Parallel l * 
5 El3 - E14 Parallel 2 
4 E15 - E16 Serial 1 * 
3 E17 - E18 Serial 2 


On the optional Serial/Parallel Board only one parallel 
or serial port can be jumpered at any given time. 
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TANDY 3000 
SERIAL /PARALLEL 


OPTION CARD 

















: JUMPER E3 TO Ei TO LOCK 
TRANSMIT AND RECEIVE. 


: JUMPER E3 TO E4 AND E2 TO E14 
TO UNLOCK TRANSMIT AND 
RECEIVE. 
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SERIAL PORT 4 wUMPER E8 TO E9 
SERIAL PORT 2 WUMPER ES TO E10 


PARALLEL POAT 1 dUMPER ES TO E6 
PARALLEL PORT 2 SUMPER E6 TO E7 
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Tandy 3000 Serial/Parallel Sub Assy. 
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Symbol Description Part No. 
Tandy 3000 Serial/Parallel 88898921B 
Sub Assy. 


T3000 Serial/Parallel PCB REV.PP2 8709643B 
(6" xX 4.25" 3S Layer) 


C1-12,14-19,28 Capacitor 0.1 UF 50V +80/-203% 8374104 
Mono Ax. 

c38-40 Capacitor 10 UF 16V Elect. Ax. 8316101 

C20-27 Capacitor 330 PF 50V 10% C Disc 8371334 

C29-37 Capacitor 2200 PF 50V 20% Mono Ax. 8372224 

E1-18 Staking Pin 8529014 

J1 Connector 25 Position Shielded 8519270 
D Sub Fem. 

Pl Connector 9 Position Shielded 8519269 


D Sub Male 
Pl,Jl (2 ea.) Screw 4-40 x 3/8 


(For use w/ alternate J1/P1) 8569002 
Pl,Jl (2 ea.) Nut 4-40 Keps 

(For use w/ alternate J1/P1) 8579003 
R1-3,5,6 Resistor 4.7K Ohm 1/4 Watt 5% 8207247 
R4,7 Resistor 750 Ohm 1/4 Watt 5% 8207175 
R8 Resistor 27 Ohm 1/4 Watt 5% 8207027 
RPl Resistor Pack 4.7K 9COM 10-Pin SIP 8294247 
RP2 Resistor Pack 27 Ohm 8R 16-Pin DIP 8290027 
Ul Ic 74LS00 8020000 
U2 Socket 18-Pin DIP (LS=.300) 8509006 
U3 Ic 74L8125 8020125 
U4 Ic 74L8240 8020240 
U5 Socket 40-Pin DIP 8509002 
U6 IC MC1488 8050188 
Oy ~k2 IC MC1489 8050189 
U8 Ic 74LS21 8020021 
U9 Ic 74L8174 8020174 
U10 ,16 Ic 74LS04 8020004 
Ull Ic 74LS244 8020244 
U13 Ic 74LS05 8020005 
U14 Ic 74LS155 8020155 
ULS Socket 24-Pin DIP 8509029 
ULF Ic 74LS374 8020374 
U18 Ic 74L8245 8020245 
Yl Crystal 5.0688 MHz 8409005 


Y2 Oscillator 1.8432 MHz 8409054 





Tandy 3000 Serial/Parallel Main Assy. 


Tandy 3000 Serial/Parallel 
Main Assy. 


Tandy 3000 Serial/Parallel 8898921B 
Subassembly. 
U2 WD1943 8040943 
U5 IC NS16450 8040450 


U1L5 Ic 20L8 PAL 8041208 
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WD16C92 SPECIFICATION 96-000190 REV: XO PAGE 3S of 19 


es Ges aa er ae ee 


This document describes the functional characteristics and 
operational specifications of the WD16C92, Floppy Read/Write 


Support device. 


The WD16C92 is shown in the Figure 1 Block Diagram. The circuit 
contains the following: 


sd Phase detector and pulse shaping for read data. 
die Read data clock. 

= Write data precompensation. 

% Write data clock. 

* Floppy controller clock generator. 

*% PLL gain selection. 

% DRG pulse stretcher. 

* Drive O synchronizer. 


The WD16C92 is intended to replace approximately 16 ICs and a 
number of discreet components in a PC-AT compatible Fixed Disk 
and Diskette Adapter and is designed to be compatible with the 
NEC uPD765A Floppy Disk Controller IC. The design is implemented 
in a 40 pin CMOS custom LSI device with full TTL compatibility on 
all inputs and outputs. 


Clocking in the WD16C92 is achieved by either comnecting a 24 MHZ 
crystal to the pins provided or by the insertion of a 24 MHZ 
square wave at one of the crystal input pins. 
The device is powered from a single +5 volt supply. 
2.1. REFERENCE DOCUMENTS 
TTL Schematic, WD16C92 Gate Array 68—-000190 
Detailed Schematic, WD16C92 Gate Array 86-000190 


Procurement Spec, WD16C92 Gate Array 62—-003037—00 
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Floppy data transfer rates are latched in the WD16C92 
concurrent with the rate selection in the controller. 

Status of SDBO and SDB1 at the positive transition of /LDFCR 
is latched internally, and is decoded, along with the state 
of DRV, by the Sync/Decode circuit according to Table i. 


?_SDB1_i SDBO_! DRV_! TRANSFER RATE i FREP 
H 6) H 8) i 0 H [300 Kbs (MFM) ; 8.0 Mhz : 
i '@) ; 1 H 0 + 250 Kbs (MFM) : 4.0 Mhz i 
H i : @) H oO H 250 Kbs (MFM) : 4.0 Mhz : 
i103 4} Ot 12S Kbs (FM) _} 4,0 Mhz 
H o : O H 1 H 5300 Kbs (MFM) ; 8.0 Mhz : 
H Oo ; 1 : 1 H 300 Kbs (MFM) H 4.8 Mhz : 
; 1 : @) ; 1 i 250 Kbs (MFM) : 4.0 Mhz : 
; 1 H 1 H i : 125 Kbs (FM) i 4.0 Mhz : 


DRIVE_TYPE SELECT 

A pin (DRV) is provided to allow a special Floppy Disk Drive 
to be. used with the FRWC device. When the DRV pin is low 
transfer rate O1 is 250 Kbs instead of 300 Kbs. The Ol 
transfer rate will cause FDRO to be asserted to the special 
Floppy Disk Drive which will shift to the alternate speed 
(300 RPM). 


CLOCKS 

The internal oscillator is controlled by the 24 Mhz crystal 
connected to pins XTL and /XTL. Alternately the WD16C92 can 
be clocked by inserting a TTL level 24 Mhz square wave at 


the XTL pin in place of the crystal. 


The 24 Mhz basic clock is divided by 3 to generate the SMCLK 
Signal. This clock has a nearly 50 % duty cycle to allow 
ample room for the uPD76S5A 40ns minimum clock active high or 
low time specification. 


The 8MCLK signal is then divided by 2 and synchronized to 
the 24MHZ signal to provide 4MCLK. 4MCLK is divided by 2 to 
provide @MCLK. 4.8MCLK is generated by dividing 24MCLK by 5 
using an asynchronous biquinary counter. 
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FREP 

The clocks are multiplexed with the rate selects in Table 1 
to generate FREP which is the uPD765A clock. FREP is 
blanked to a low level during data rate switchover time by 
the internal signal LDEN. The synchronizing circuit which 
generates LDEN ensures that a partial FREP pulse will not be 
generated. 


REE 


An internal reference frequency is generated by dividing 
REFCLK in a synchronous divide-by-eight counter. This 
frequency is used by the phase/frequency detector to 
stabilize the PLL during non-read times (when VCOEN is low). 


WRITE PRECOMP 


Floppy write data is precompensated for peak shift delays in 
the drive by the Precomp circuit. The circuit is enabled 
when WE from the uPD765A is high. PSO and PS1 from the 
uPD76E5A determine the direction for compensation. Precomp 
delays are either 125 ns or 208.3 ns depending on the data 
rate selected. Table 2 shows the relationship between the 
data rate, PSO, PS1 and the precompensated write data 
(WRDATA). 


i_PS1_i_PSO_i__Transfer Rate ____i_ _WRDATA___§_____ st 
i; oO : OO $500, 250 or 125 Kbsi: Normal : 
S kes oye ck ic : 125 ns late H 
oe. ee en ” : 125 ns early : 
4 ee: EE Mie ee mee SE ave: | 
Oo oe ee 8 300 Kbs i: Normal H 
I: ee Se: ae vi :; 208.3 ns late : 
i mea a me oR 7 : 208.3 ns early: 
RE OE, UE SE ae | eee 
Table 2 


Following precompensation write data is synchronized with 
either 4. 8MCLK or SMCLK, depending on whether date rate 300 
Kbs is or is not selected. This synchronization eliminates 
the possibility of partial signals (glitches). 





WD16C92 SPECIFICATION 96-000190 REV: XO PAGE 7 of 19 


ome cue cme ee ee ee ee ee ee ee ee ee ee ee ee es ee ee DO Dw eS SS 828 ee eee en << ee ee ee ee eee oe ee ee ee ee ee oe ee ee 
fee > ae en GED Ge Gee Gee ee oes Gee oe ee oe oe ee oe en eee SS ee 


The write data clock (FWCLK) is generated by dividing a 
selected clock (REFCLK) using a synchronous divide-by-eight 
counter and generating a high pulse of a width determined by 
the selected rate. Table 3 defines the relationship between 
rate selects, the selected clock and FWCLK. 


eee eee ee eee ee ee ee eee ee ee ce ee ee ee ee ee ee LLL 


i_Transfer_ Rate _!__REFCLK _+__FWELK__i Pulse Width i 

: 500 Kbs : BMCLK {: 1 MHz !} 250 ns ; 

! 300 Kbs ! 4. 8MCLK ! 600 KHz } 208.3 ns !} 

{ 250 Kbs : 4MCLK | 500 KHz ! 250 ns : 

$125 Kbs____ et _ MCL K__}§_ 2@50_KHz_}___@50_ ms____s 
Table 3 


Raw data is presented to the WD16C92 at the FDATA pin and is 
delayed by the WD16C92 to place the rising edge of the data 
in the center of the data window. That delay period is 
accomplished through a digital delay consisting of a ripple 
counter which is decoded and selected by one of four rate 
select lines. The delay relationships are defined in Table 
4. 


i__Transfer_Rate__i__§_Delay i 

: 500 Kbs : 500 ns : 

: 300 Kbs i 833 ns : 

: 250 Kbs : 1 us H 

a |: en ee | Seeeeeee | 
Table 4 


the phase/frequency detector and to an 83.3 ns pulse 
generator. The output of the pulse generator then becomes 
the floppy read data (FFDDATA) when VCOEN is high (reading). 
The data pulse is also fed to one side of the 
phase/frequency detector. 
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3.10. VCO_DIVIDER 


The VCO frequency from the PLL (/OSC1 or /OSC2) is brought 
into the classical divide-by-N counter. “N" in this case is 


determined by the transfer rate selected. This relationship ( 
is shown in Table 5. 


i_Transfer Rate ! "N"_{ _fVCO 1 OSC Select + 

H 200 Kbs i 2 ! 2.0 MHz H 7O0SC1 H 

i 300 Kbs H 4 i 2.4 MHz H /OSC2 H 

i 250 Kbs H & : 2.0 MHz i /OSCi1 H 

i___125 Kbs____ i} 8 1 2.0 mHz 1 vosci. st 
Table 5 


The VCO/N rate is then presented to the opposite side (from 
the data) of the phase/frequency detector where the time 
difference between its leading edge and the data pulse 
leading edge produces either a pump up (PUP) or pump down 
(PDN) signal. If the frequency preceeds the data a pump down 
Signal is produced; if the data preceeds the frequency then 
a pump up signal is produced. If both leading edges are 
concurrent then neither signal is produced. The duration of | 
the pump up/pump down signals is as long as the time 
difference between the two leading edges. A pair of pump 
Signals (up and down) is provided to the current mirror 
error amplifier for each data rate selected. This 
arrangement allows the error amplifier to be designed with 


an individual gain for each data rate. Table 6 defines this 
relationship. 
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3.12. FDELK 


VCO/N output is also divided by 2 and output as the read 
data window (FDCLK). 


The phase/frequency detector operates in phase mode during a 
read after delayed VCOEN goes high and in frequency mode all 
other times. When delayed VCOEN is low the reference 
frequency is presented to one side of the phase/frequency 
detector and compared to the leading edge of the VCO/N input 
at the other side. The clear flip/flop is continually armed 
and ignores input from the delayed data. This mode will 
lock the VCO frequency to the reference frequency until 16 
data pulses have been read from the diskette. 


Due to the long delays possible (approx. 700 milliseconds 
due to motor startup and head settling delays) between the 
time VCOEN is asserted by the uPD765 ar data will be read 
from the diskette there could exist 4 iong period of time 
when there would be no data in»ut, exc. 3t possibly noise, to 
the phase detector. Rather tran heve « long dead period the 
VCOEN is internally delayed by the WD1(C92 until after 16 
data pulses (or noise pulses) nave been read from the 
diskette. The reference frequency will continue to input to 
the phase/frequency detector until delayed VCOEN is 
asserted. 


3. 15. VCOEN_SWITCHOVER 


VCOEN switchover causes any existing pumps to be 
extinguished. This is accomplished by a bidirectional 
transition detector detecting a change in the state of 
delayed VCOEN and causing the phase/frequency detector to 
reset. The width of the reset pulse is the length of one 24 
MHz clock cycle (41.7 ns). This reset eliminates needless 
VCO drift due to lingering pump pulses at switchover time. 


3. 16. FDRO 


signal FDRO is the latched output of SDBO at select time. 
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The terms /VCOENi and /VCOEN2 are the decoded latched output 
of the 300 Kbs transfer rate. These terms are used to [ 
select external VCO devices for the two VCO frequencies 
returned as /OSC1 and /OSC2. Table 7 shows these relation- 





ships. 
i Transfer Rate ! Select i fvcO =? 
' 300 Kbs ! /VCOEN2 } 2.4 MHz } 
i__all_others___!_/VCOENi__i___@.90 MHz2__i 
Table 7 
3.18. FDRG 


The FDRG circuit delays DRG for 2 us when /DACK is high to 
generate the term FDRG which is gated onto the PC-AT 
compatible bus by the signal FDMAEN. This is necessary to 
comply with PC-AT compatible timing constraints. 


3.19.FIRG 


The interrupt signal FINT is gated onto the PC-AT compatible 
bus by FDMAEN to become FIRQ. | 


The WD16C92 is a CMOS device housed in a 40 pin dual-irn-line 0.6 
inch center wide JEDEC type package. 


4.1. PINOUTS 


Figure 2 displays the pinout organization for the wD1i6C9e. 
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4. PHYSICAL DESCRIPTION (cont. ) 
4.1 PINOUTS cont.) 
FWCLK Ta! OUT VCC :401 VCC 
' 
DRV re IN IN 1351 DRG 
FDRG La OUT IN :381 /DACK 
SDB1 Ta} IN IN :371 FDMAEN 
SDBO rs IN IN :36l FINT 
/LDFCR 16! IN OUT 357 FIRG 
OSC1 17! IN OUT :Bal FDRG 
osce ae IN OUT 1332 /DNOO 
FDCLK, 15: OUT wD16C92 OUT :321 UPOO 
/VCOEN1 Tio! OUT OUT '31i /DNO1 
/VCOEN2 rey QUT OUT 1301 UPO1 
FREP rie: OUT OUT 1291 /DNO2 
FFDDATA 113! OUT OUT ‘Bal uPO2 
VCOEN 114! IN OUT ‘DTI /DNO3 
PSO tis! IN OUT ‘261 uUPO3 
PS1 Tis! IN IN ‘251 XTL 
WDA iid IN OUT ‘Bal /XTL 
WE 118! IN (TEST POINT) OUT 123i (24MCLK) 
WRDATA 113! OUT IN ‘BEI FDATA 
GND 120! vss IN ‘B11 /AR 


FIGURE 2 
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PIN MNEMONIC DESCRIPTION 

1 FWCLK WRITE CLOCK —- TTL output, clock for write data. 

2 DRV DRIVE TYPE - TTL input with internal pullup res- 
istor. Low level indicates special drive. 

3 FDRO SPEED SELECT —- TTL output, latched image of SDBO. 
{effective only on dual speed drives. ) 

& SDB1 DATA BUS BIT 1 — TTL input, of data bus bit 1. 

= SDBO DATA BUS BIT O — TTL input, of data bus bit O. 

6 /LDFCR LOAD FLOPPY CONTROL REGISTER —- TTL input causes 
SDBO and SDBi to be latched internally. 

7 /OSC1 OSCILLATOR 1 —- TTL input for 500 Kbs, 250 Kbs 
and 125 Kbs data rates (nominally 2.O MHz) 

8 /O0sce OSCILLATOR 2 —- TTL input for 300 Kbs data rate 
(nominally 2.4 MHz). 

9 FDCLK READ DATA CLOCK —- TTL output, provides window for ( 
floppy read data pulse. 

10 /VCOEN1 VCO ENABLE 1 —- TTL output, enables VCO for 300 Kbs 
data rate. 

11 /VCOEN2 VCO ENABLE 2 —- TTL output, enables VCO for 500, 
250 and 125 Kbs data rates. 

12 FREP CLOCK OUTPUT -—- TTL output, provides clock signal 
for the uPD76S5A. 

is FFDDATA READ DATA — TTL output, floppy read data pulses. 

14 VCOEN VCO ENABLE —- TTL input, from the uPD765A when high 


enables reading from the floppy disk. 


is PSO PRECOMP BIT O — TTL input, decodes for precompen- 
sation of write data. 


16 PS1 PRECOMP BIT 1 -—- TTL input, decodes for precompen-— 
sation of write data. 
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4.2. SIGNAL DESCRIPTION (cont. ) 


MNEMONIC DESCRIPTION 

WDA WRITE DATA — TTL input, write floppy data from the 
uPD765A. 

WE WRITE ENABLE - TTL input, from the uPD765A to 
enable writing data on the floppy drive. 

WRDATA WRITE DATA — TTL output, precompensated data from 
the WD16C92 to be written on the floppy drive. 

GND GROUND 

/MR MASTER RESET - TTL input, clears all internal con- 
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ditions to be reset. WD16C92 will default to the 


5300 Kbs data rate following a /MR. 


FDATA READ DATA — TTL input, raw read data from the 


floppy drive. 


24MCLK 24 MHz CLOCK TEST POINT —- TTL output, 


for test and 


monitoring only; NOT to be used to drive any 


external circuitry. 


“XTL CRYSTAL RETURN —- TTL output, return for 24 MHz 
crystal when used; otherwise not comnected. 


XTL CRYSTAL INPUT — TTL input, connection for 24 MHz 
crystal. Can optionally be used for 24 MHz TTL 


level square wave clock input. 


UPOS3S UP PUMP 3 —- Open drain output, provides up 


pump for 125 Kbs data rate. 


/DNOS DOWN PUMP 3 - Open drain output, 
pump for i125 Kbs data rate. 


provides down 


uPO2e UP PUMP 2 — Open drain output, provides up 


pump for 250 Kbs data rate. 


/DNO2 DOWN PUMP 2 — Open drain output, 
pump for 250 Kbs data rate. 


provides down 


UPO1 UP PUMP 1 — Open drain output, provides up 


pump for 300 Kbs data rate. 
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31 /DNO1 DOWN PUMP 1 — Open drain output, provides down 
pump for 300 Kbs data rate. 


32 UPOO UP PUMP O — Open drain output, provides up 
pump for SOO Kbs data rate. 


33 /DNOO DOWN PUMP O —- Open drain output, provides down 
pump for S00 Kbs data rate. 


34 FDR DELAYED DATA REQUEST —- TTL tristate output, is 
the DRG delayed by 2 us and enabled by FDMAEN. 


35 FIRG INTERRUPT REQUEST —- TTL tristate output, generates 
an interrupt request on the PC-AT compatible bus 
and is gated by FDMAEN. 


36 FINT FLOPPY INTERRUPT —- TTL input, from uPD76S—A to 
generate bus interrupt request. 


37 FDMAEN FLOPPY DMA ENABLE —- TTL input, to gate FIR@ and 
FDRG onto the PC-AT compatible bus. 


38 /DACK DATA ACKNOWLEDGE - TTL input, data acknowledge 
Signal from the PC-AT compatible bus. 


39 DRG DATA REQUEST- TTL input, from the uPD765A to 
request a data transfer to/from the data bus. 


40 VCC +5 Volt, +/- 5% power supply input. 
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VCC with respect to GND... ..- - - +7.0 Volts D.C. 
Voltage on any pin with 

respect to GND... .--. . - —0.3 to +7.0 V D.C. 
Storage Temperature . . - +» «© = = « « —3S to +125 degrees C 
Operating Temperature . - - = «= « «= = oO to +70 degrees C 


Ta = 0 to +70 degrees C, VCC = +5 Volts, +/- 5% 


i__Supply Voltage _!_VCC___3 4.751 _5.0_! 5.25: Volts: 


All Inputs: 


eee Qeeee ere Tae SLE Ee SES SE OE GERD EEE Sam EE CS eae ee ES REED ED AES TEED SESS OS SSS ESS ES NS SS SD GERD ES ND SED SED GENES ES ED EY CD 
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Out puts: 


too Symbol! _ Min_i_Typ_1_Max_ iUnits: 
+_ High Level Current_!_Ioh__i__12 i118 i. ___t_ _Ma_t 
t_Low Level Leakage i _Iol__? ___i__ at 190 ft at 
i_High Level Voltage _!_Voh__'_4.75!_ 5.0 1 S.-e5iVoltsi 


$ oo Symboli_ Min + Typ_ i Max _ iUnits! 
1_ High Level Leakage _: Joh i tt 10 ua t 
t_Low Level Current __:_Iol__it__12 1. 18 tt Mat 
i: Low Level Voltage _: Vol __i i i 2/7 :Volts: 


i ‘Symbol: Min_!: Typ_: Max ‘Units: 


1 High Level Current_i_Ioh__i_____t_ 008 _ ua 
i_Low_ Level Current __:_Iol__i_ 6 i. 9 tt Mat 
1_Off State Leakage _}_Ioz i it 10 tat 
+t High Level Voltage _: Voh__i_2@.5_1.3.4 i... _iVoltsi 
i_Low Level Voltage. _i_Vol__i____-_3_.e5_ 1 0.4 iVoltsi 


i High Level Current_i_Ioh_ tt 4008 _ tat 
i _Low_ Level Current__$}_Iol_ + 6 3. 9 i. _i__Ma_t 
i High Level _Voltage_: Voh__i_ @.5_!_3.4 i___§__itVoltsi 
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AC CHARACTERISTICS 
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5.3. AC CHARACTERISTICS (cont. ? 


5.3.1. XTL_INPUT (External Clock) 


XTL / \ / \ 


Pe TR ——-) i Gere aed me) I 


3.3.2. FREP TIMING 
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3.3.3. RATE SELECT TIMING 
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NOTE: Timing diagrams are not necessarily shown to scale. 
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S. ELECTRICAL CHARACTERISTICS 
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5.3.5. READ DATA TIMING 


FDATA 


FFDDATA 


FDCLK 
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NOTE: Timing diagrams are not necessarily shown to scale. 





Tandy 3000 floppy disk controller 


The Tandy 3000 Floppy Disk controller uses Western Digital 
uPD765 and WD16C92 technology for reliable operation of both the 


standard or high density floppy drives. This board supports up to 
two floppy drives installed in the Tandy 3000. 


Contents Section 
Normal jumper settings 1 
Schematics & Component layout 2 
Pal Equations PALI6L8 a 
Parts list 4 


Refer to the Chip Data section for information on the 
WD16C92 


November 15, 1985 
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Floppy Disk Controller 
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Jumper settings * 
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* Section 1 
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FLOPPY DISK CONTROLLER JUMPERS 


1. El jumpered to E2* primary host bus address effective 
(3Fx) 
E3 jumpered to E2 secondary host bus address effective 
(37x) 
2. E4 jumpered to E5* board operational 
E6 jumpered to E5 board disabled (will not respond to 
host bus) 
3. E7 jumpered to E8* single speed drive (01 data rate = 
300 Kbs) 
E9 jumpered to E8 dual speed drive (01 data rate = 250 
Kbs) 


* "Normal" jumper positions. These functions are also valid if no 
jumpers are installed. 
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* 
* * 
* Floppy Disk Controller * 
* * 
* Section 2 * 
* * 
* Schematics & Component layout * 
* * 
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Floppy Disk Controller 
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[RRR REIKI RRR RRR KER ERE RE RE R IRE RE REE RRR REIKI / 
/* THIS IS THE SET OF EQUATIONS USED FOR GENERATING THE ny 


/* CONTROL SIGNALS FOR THE WD FLOPPY DISK CONTROLLER “7 
/* OPTION CARD. */ 
/* TARGET DEVICE(S): CUPL -JFX PAL16L8 A: FLOPWD */ 
[RRR RK RRR REE RE RRR RRR RE KEK KEKE KEE KEKE KEE KEKE REREEEEK EK / 
/ *INPUTS*/ 

pin l = aen; 

pin 2 = iow; 

pin 3 = ior; 

pin 4 = sa0; 

pin 5 = sal; 

pin 6 = sa2; 

pin 7 = sa3; 

pin 8 = sa7; 

pin 9 = sax; 

pin 11 = dchg; 

pin 13 = dack; 

pin 14 = asel; 

/ *OUTPUTS*/ 

pin 12 = !selfc; 

pin 15 = !oen; 

pin 16 = !csel; 

pin 17 = !ldfcr; 

pin 18 = !ldccr; 

pin 19 =  sd07; 


/*OUTPUT EQUATIONS*/ 


§sd07 = !dchg; 
sd07.0e = oen; 
beeer = !sax & !sa0 & sal & !sa2 & !sa3 & Ssa7 & !aen & 
liow & asel 
# !sax & !sa0 & sal & !sa2 & !sa3 & !sa7 & !aen & 
liow & !asel; 
ldfcr = !sax & saO0 & Sal & Sa2 & !Sa3 & Sa7 & !aen & !iow 
& asel 
# !sax & sa0 & sal & Ssa2 & !sa3 & !sa7 & !aen & !iow 
& !lasel; 
csel = !dack 
# ldfcr 
# ldccr 
# !sax & !sal & sa2 & !sa3 & sa7 & !aen & asel 
# !sax & !sal & sa2 & !sa3 & !sa7 & !aen & !asel; 
oen = !sax & sa0 & sal & sa2 & !sa3 & Sa7 & !aen & !ior 
& asel 
# !sax & sa0 & sal & Sa2 & !sa3 & !sa7 & !aen & !ior 
& lasel; 
selfc = !sax & !sal & sa2 & !sa3 & Ssa7 & !aen & asel 


she 


'sax & !sal & sa2 & !sa3 & !sa7 & !aen & !asel; 


Date 07/29/85 
Assembly floppy address decoder 
Location ul5 
Expanded Product Terms 
csel -> 
'dack 
# ldfcr 
# ldccr 
# taen & asel & !sal & sa2 & !sa3 & sa7 
# taen & !asel & !sal & sa2 & !sa3 & !sa7 
ldccr =-> 
laen & asel & !iow & !sa0 & sal & !sa2 
sav & !sax 
# taen & !asel & !iow & !saO0 & sal & !sa2 
'sa7 & !sax 
ldfcr -> 
taen & asel & !iow & saQ & sal & Sa2 & 
& !sax 
# taen & !asel & !iow & saO & sal & sa2 
'sa7 & !sax 
oen -> 
laen & asel & !tior & saO & Sal & Sa2 & 
& !sax 
# taen & !tasel & !tior & sa0 & sal & sa2 
'sa7 & !sax 
sqd07 -> 
!dchg 
sd07.0e -> 
oen 
selfc -> 
laen & asel & !sal & sa2 & !sa3 & Sa7 
# laen & !tasel & !sal & sa2 & !sa3 & !sa/7 
asel.oe -> 
0 
csel.oe -> 


& 


& 


& 


& 


'sax 
& 


& !sa3 


& !sa 


!'sa3 


!sa3 


!sa3 


!sa3 


'sax 
& 


!sax 


& 


3. & 


& saZ7 


& 


& sa7 


& 


'sax 








Symbol Table 


Pol Name Ext Pin Type Used Max 
aen x V - - 
asel 14 V - - 

! csel 16 V 5 7 
dack 13 V ~ - 
dchg a V - - 
ior 3 V - - 
iow 2 V - - 

! Lacer 18 V 2 i 

! ldfcr iS | V 2 if 

! oen 15 V 2 7 
sa0 4 V - - 
sal 5 V - - 
sa2 6 V - - 
sa3 7 V - - 
sa7 8 V - - 
sax 9 V - ~ 
sd07 19 V 1 7 
sd07 oe 19 Xx 1 iL 

! selfc 12 V 2 7 
asel oe 14 D 1 Pa 
csel oe 16 D Z 1 
dack oe 13 D 1 1 
ldccr oe 18 D 1 1 
Ldtcr oe Lf D 1 i 
oen oe 15 D 1 1 
selfc oe 12 D 1 1 


LEGEND D _: default var F : field I 
U : undefined Vo: var X 
$ M 3: 


: intermediate var 
N node extended node 


extended var 


ee em ee ee ee ee ee ee es Se ee Se we ee es ee we ee ee ee es ee ee es ee ee ee ee ee ee ee ee ee eee 
Se es ee ee ee ee es ee ee ee ee ee ee ee ee ee ee ee ee ee a ee Se Se Se a em eee ae SE em Gem Sa eo cee SE em ee SS eS re SS eS ee eo oe 


ee ee eee PNR eT ee 


0064 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0096 xxxxxxXXxXXXXXXXXXXXXXXXXXXXXXXXXX 
0128 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0160 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0192 xxxxxXxXXXXXXXXXXXXXXXXXXXXXXXXXX 
0224 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 


Pin #18 
0256 ~<--8-- =< 565 S Eee SESS Tete 
288 <i-x---~-~< Moo Xero Xa XXX --X-- 
ion =-t---—— E<-X-- -S RE Se KERR a 


0352 xxxxxXxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0384 xxxxXxXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0416 xxxxxXxXxXXXXXXXXXXXXXXXXXXXXXXXXXX 
0448 xxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0480 xxxxxxxxXXXXXXXXXXXXXXXXXXXXXXXXX 


Pin #17 
O512 ------ 495055535 er Sere 
0544 —-xX-X- 99 Xo a Xn ae Xn ne XXX AAA XO 
O576 =K-—xX<—<-<98--—— seer Ee 


0608 xxxxxXxXxXXXXXXXXXXXXXXXXXXXXXXXXXX 

0640 xxxxxXxXXXXXXXXXXXXXXXXXXXXXXXXXXX 

0672 xxxxXxXxXXXXXXXXXXXXXXXXXXXXXXXXXXX 

0704 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXX 

0736 xxxxXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
Pin #16 

0768 --------3- 9-9 rrr rrr 


0896 ---x--------- KX--X---- XX—-X-- - -X-- 
0925 = ==8 e+ ==SSS> Koo X XXX X-—- 
0960 xxxxxXxXXXXXXXXXXXXXXXXXXXXXXXXXXX 
0992 xxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXXX 


Pin #15 
O26 ==-6 33-3863 5-335 = 55555 555555---= 
1056 --=K—_ XK Xn Xn XX KO Xo 
1088 ---x—-xX--— X99 XX XX AKA HK 


1120 xxxxxxxXXXXXXXXXXXXXXXXXXXXXXXXX 
1152 xxxxxxxXxXxXXXXXXXXXXXXXXXXXXXXXXXX 
1184 xxxxxxxXxXxXXXXXXXXXXXXXXXXXXXXXXXX 
1216 xxxxxxxxXXXXXXXXXXXXXXXXXXXXXXXX 
1248 xxxxxxxXXXXXXXXXXXXXXXXXXXXXXXXXX 


Pin #14 


1280 
1322 
1344 
1376 
1408 
1440 
1472 
1504 


MXXXXXAXXXXXKXXXKXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXKXKXXXXXXXXXXXXXXXXXXXX 
MXXXXXXKXXXKXXXXKXXXXXXXXXXXXXXXXXX 
XAXXXXXKXXKKXNXXXXXXXXXXXXXXXXXKX 
XXXXXXXKKXXXKXAXXXXXXXXXXXXXXXXXXX 
RAXKXXAXAAXKAXKXXAKXXKXXXXKKXKXKKX 
XXXXXXKKRAXXXAXKXXXXXXXXXXXXXXXKXXX 
XAXKXXXAXAXKXXXXXXXXXXXXXXXXXXXXXKX 


Pin #13 


LEGEND 


1536 
1568 
1600 
1632 
1664 
1696 
1728 
1760 


RXKRXXKXKAXKXXKXXXXXXXXXXXXXXXXXKXXX 
XXXXXXXXXXXXXXXKXXXXXXXXXXXXXXKXX 
MXXXXKXKXKXXXKXKKXKXKXXKKXXXKRXKKKXXKKXXX 
RMXXKXXXXXMKXXXKXXXXXXXXXXXXXXXXKXKXX 
XXXXXXXXXXXXXXXXXXXXXXXXXKXXXXKXXKX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXKXKXX 
MXXXXXXXXXXXXXXXXXXXXXXXXXXXXXKX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


Ties Tee ee Se ee or eS a a ee ee ae 
i ot oe a Sarat eee ee RoerAer eo -K- eer HK 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXKXXXKX 
XXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXX 
MXXXXKXXXXXXXXXXXXXXXXXXKXXXXXXXXX 
XXXXXXXXXXXXXXXXXXXXXXXXKXXXXXXKX 


X : fuse not blown 


: fuse blown 





Date 


Assembly 
Location 


*QOP 20 


*QOF2048 


*G0 

*FO 

*L0000 
*L0032 
*L0256 
*L0288 
*L0320 
#0512 
*L0544 
*L0576 
*L0768 
*L0800 
*L0832 
*L0864 
*L0896 
*L0928 
*L1024 
*L1056 
*L1088 
*L1792 
*L1824 
*L1856 
*C46BD 
*XDBDC 


07/29/85 
floppy address decoder 
ul5 


PEELUTELILILALILY OLLI LI 
Cot hLLELEELIEVILIIT ALI 1118 
ERGITIRI ELIA LAL LER 1711 
10101111101101111011100101111011 
10101111101101111011101010111011 
LSLEALLILEILESTLULII LILA 
10101111011101110111100101111011 
10101111011101110111101010111011 
DERIESLALULTIALILELIIAU ILIA) 
PLERILITILILTAULALT1121402111101121 
LEPELIATLIIOIILVILIIALIIL1iL11 
11111110111111111111111111111111 
11101111111110110111100101111011 
11101111111110110111101010111011 
LELELISALIVS SSI EY 
11101011011101110111100101111011 
11101011011101110111101010111011 
DLLUEEMUPELLATILIIII LALA 
11101111111110110111100101111011 
11101111111110110111101010111011 
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Tandy 3000 


Floppy Disk Controller Sub Assembly 


C1, 35,6710 ,12, 


LR AG+Z9 


R21 
R24,25,28,29 
R26,2/,30,31 


Tandy 3000 Floppy Disk 
Controller Sub Assembly 


T3000 FDC PCB, Rev. A 


Capacitor 


Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 
Capacitor 


Diode 1N4 


Staking P 


-l UF 50V 80/20% Mono Ax 


Cig AE. 


1 UF 20v 10 


15V 
50V 
50V 
16V 
10V 


20% Tant Ax. 
5% Mono Ax. 
5% Mono Ax. 
20% Elect Ax. 
10% Tant Ax. 
%$ Tant Ax. 


-O1 UF 50V 10% Mono Ax. 
10 PF 50V 5% Mono Ax. 
-047 UF 50V 10% Mono Ax. 


148 


in 


Connector 34-Pin Post Header 


Inductor 4.7 uH 103% 


Transistor 2N3904 


Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 


150 Ohm 1/4W 5% 
27K Ohm 1/4W 5% 
1.2K Ohm 1/4W 5% 
220 Ohm 1/4W 5% 
487 Ohm 1/8W 1% 
100 Ohm 1/8W 1% 
4.7K Ohm 1/4W 5% 
1K Ohm 1/8W 13% 
499 Ohm 1/8W 1% 
332 Ohm 1/8W 1% 
220 Ohm 1/8W 1% 
100 Ohm 1/4W 5% 
1.21K Ohm 1/8W 1% 


8709672A 
CC-104JJLA 


CC-475MDTA 
CC-181JJLA 
CC-473KJLA 
CC-225WDAA 
CC-225KCTA 
CC-LO5KETA 
CC-221JJLA 
CC-l11lJJLA 
CC-103KJLA 


DX-0022 
AHB-9682 
AJ-7286 
ACA-8332 
AMX- 3583 


N-0142EEC 
N-0316EEC 
N-0199EEC 
N-0149EEC 
N-0810BBE 
N-0132BBE 
N-0247EEC 
N-0196BEE 
N-0833BBE 
N-0792BBE 
N-O146BEE 
N-0132EEC 
N-0546BBE 











Tandy 3000 Floppy Disk Controller Main Assy 


Tandy 3000 Floppy Disk 
Controller Main Assy 


T3000 FDC Sub Assembly AX-0203 
U12 IC WD16C92 MX-5912 
U13 IC UPD765A MxX-5934 
U14 Ic 16L8A PAL MX-6980 
Symbol Description Part No. 
Wi oem Ic 7438 AMX-5709 
U5 ,6 Ic 74LS14 MX-6181 
U7 Ic TLO87CP MX-4967 
U8 Ic 74LS629 AMX- 4663 
U9 Ic 74LS00 MxX-3479 
U10 Ic 74LS174 AMX-3565 
Ull Ic 74LS 30 AMX- 3556 
Oi 2eko Socket, 40-Pin DIP AJ-6580 
U14 Socket, 20-Pin DIP AJ-6760 
U1L5 IC MPQ6700 ARY MX-5731 
U16 Ic 74LS08 AMX- 3698 
ULS Ic 74LS8245 AMX-4470 


Yl Crystal 24 MHz (Fundamental) MX-1286 





